Abstract We have assessed the clinical observation that the angle of the contralateral lamina matches the angle required from the sagital plane for the placement of pedicle screws in the subaxial cervical spine. Fifty-four randomly chosen axial CT scans taken between December 2003 and December 2004 were examined. Subjects were excluded if the scan showed signs of fracture, tumour or gross abnormality. The digitised images were analysed on the Philips PACS system using SECTRA software. One hundred and sixty-eight individual vertebrae were assessed between C3 and C7. The following were measured; the angle of the pedicle relative to the sagital plane, the smallest internal and external diameter of the pedicles and the angle of the lamina. Angular measures had a CV% of 3.9%. The re-measurement error for distance was 0.5 mm. Three hundred and thirty-six pedicles were assessed in 25 females and 29 males. Average age was 48.2 years (range 17-85). Our morphologic data from live subjects was comparable to previous cadaveric data. Mean pedicle external diameter was 4.9 mm at C3 and 6.6 mm at C7. Females were marginally smaller than males. Left and right did not significantly differ. In no case was the pedicle narrower than 3.2 mm. Mean pedicle angle was 130°a t C3 and 140°at C7. The contralateral laminar angle correlated well at C3, 4, 5 (R 2 = 0.9, C3 P = 0.002, C4 P = 0.06, C5 P = 0.0004) and was within 1°of pedicle angle. At C6, 7 it was within 11°. In all cases a line parallel to the lamina provided a safe corridor of 3 mm for a pedicle implant. The contralateral lamina provides a reliable intraoperative guide to the angle from the sagital plane for subaxial cervical pedicle instrumentation in adults.
Introduction
The use of pedicle screws in the stabilization of the cervical spine was pioneered in Switzerland in the 1970s with the first reports of success published in the 1980s. Prior to this technique many other methods of posterior stabilization of the cervical spine had been used such as posterior plate and rod, lateral plate and screws and. wiring with varying results [10] . Of these techniques, transpedicular screw fixation offers the most superior pull out strength and biomechanical stability [2, 4, 7, 8] , making it an attractive technique, however placement of these screws can cause damage to the adjacent neurovascular structures, namely the vertebral artery and spinal cord with potentially serious consequences.
There have been many studies that have attempted to identify the variable anatomy of the cervical pedicles in order to aid accurate and safe placement of transpedicular screws in the cervical spine [1, 11, 13, 15] , as well as studies describing surgical techniques to aid screw placement [3, 9, 12] . As yet, no single method has proved to be 100% accurate or reliable.
In this study we have assessed the clinical observation, using digital CT images and PACS software, that the angle of the contra lateral lamina matches the angle required, from the sagital plane, for the placement of pedicle screws in the subaxial cervical spine. The understanding of the anatomy is fundamental to the safe application of this technique, which has very real risks of serious complications.
In order to add a level of safety to what is potentially a blind radiological technique, it is important to have knowledge of the available anatomical landmarks. This may aid the surgeon to assess whether to trust the trajectory suggested by the imaging, and to reference alignment off a reliable bony landmark, visible and already exposed within the operative field.
Materials and methods
A total of 54 axial CT scans, using a Litespeed VCT (GE Healthcare) scanner with a 0.625 mm slice thickness, were examined.
All images were randomly selected and accessed through the hospital PACS database from December 2003 to December 2004. Subjects who had evidence of fracture, neoplasm, infection or malformation were excluded. A single slice image of each vertebral level showing the pedicles at their largest diameter was selected. Any levels that were not clearly demonstrated, preventing us from measuring the pedicle width, were excluded (N = 0).
It must be noted that as the selection of the scans was random, not all levels i.e. C3-C7 were scanned in all patients.
The following were measured; pedicle angle relative to the sagital plane (PA), laminar angle relative to the sagital plane (LA), maximum internal and external pedicle width (IPW, EXP) (Fig. 1 ).
All measurements were carried out with the digital Philips PACS system using the digital ruler and goniometer supplied with the SECTRA software (precision 0.1°and 0.1 mm). A single observer carried out all measurements. Means and standard deviations were calculated for all pedicle dimensions and reproducibility of these measurements was assessed in a subset of ten individuals with paired measures using the FDA approved formula for coefficient of variability (CV%). Statistics, (single tailed, equal variance Student's t-test), were carried out using Microsoft Excel for Mac.
In a similar method used by Sakamoto et al. [1, 11, 13, 15] , we constructed a 3 mm ''digital screw'' using the PACS software. This was then templated over the pedicles, parallel to the contra lateral lamina (Fig. 2) .
We then assessed if the 3 mm digital screw breeched either cortex into the transverse foramen or spinal canal.
Results
In total 168 individual vertebrae (336 pedicles) were evaluated from C3-C7: means, ranges, and standard deviation were calculated.
Reproducibility studies confirmed a coefficient of variability (CV%)of 3.9% with respect to pedicle and lamina angles, and a re-measurement error of 0.5 mm with respect to the pedicle width.
The results are displayed in Table 1 Fig Mean angle of the laminae Mean lamina angle remained constant at 50°from C3 (50.2) to C7 (50.1). There was no difference between male and female vertebrae (Fig. 4) .
Mean internal and external pedicle diameter
Minimum internal pedicle diameter increased in a linear fashion (R 2 = 1.0) from C3 (2.5 mm)-C7 (3.9 mm). No pedicle measured less than 1.3 mm. The measurements in male vertebra were consistently larger when compared to females (Fig. 5) .
Minimum external pedicle diameter increased in a linear fashion (R 2 = 1.0) from C3 (4.9 mm) C7 (6.6 mm). No pedicle measured less than 3.2 mm. The measurements in male vertebra were consistently larger when compared to females (Fig. 6) .
Comparison of pedicle angle with contra lateral lamina angle From C3 to C5 there was a strong, statistically relevant correlation between the pedicle angle and the contra lateral laminar angle (R 2 = 0.9, C3 P = 0.002, C4 P = 0.06, C5 (Fig. 7) . This correlation was not seen from C6-C7 (R 2 = 0.01) however; all angles fell within 11°of each other (Fig. 8) .
''Digital Screw'' templating When the 3 mm digital screw template was laid over the measured pedicles, parallel to the contralateral lamina, 100% of the screws lay within the pedicles with no evidence of breech into either the transverse foramen or spinal canal.
Discussion
Extensive studies have confirmed variability in cadaver morphometric measurement of the cervical pedicle anatomy and have suggested that all individuals undergoing posterior pedicle screw instrumentation should have a CT scan to identify the patient's individual anatomy preoperatively [5, 6, 10, 15] .
As far as the authors are aware, this is the first CT-based anatomical study using digital images and a PACS system. Our results are similar to those of previous studies and confirm variability between both sexes and individuals, highlighting the importance of pre operative imaging. Differences in measurements may be due to racial variations and inconsistency when measuring the angles using visual best fit.
We agree with Sakamoto et al. [14] , that safe transpedicular screw placement in the cervical spine depends on the selection of the entry point for screw insertion and on the correct orientation of the screw in the transverse plane, and our results confirm that the ideal angle for insertion of the screws should be 50°, as this correlates well with the pedicle angle from the sagital plane.
We also concur that the entry point for the screw should be as lateral as possible in the articular mass, in order to pass the screw through the centre of the pedicle and minimize the risk of pedicle breech.
From C3-C5, the angle of the pedicles to be instrumented were within 1°of the contralateral lamina at the same level, thus allowing the surgeon to use this as a reliable intraoperative guide to accurate screw placement.
There was little correlation between the angles at C6-C7, however when the digital screw template was applied parallel to the contralateral lamina at these levels there was still no breech of the pedicle walls, supporting the results of Sakamoto et al that the ideal and safe angle for screw insertion is 50°. Our study has confirmed that the lamina angles of the cervical spine remain constant, at 50°to the sagital plane from C3-C7.
There are limitations in using this technique: it only allows reference for the angle from the sagital plane, thus further techniques such as C-arm screening must be employed to confirm the correct positioning of the screws in both the sagital and coronal planes. The technique is likely to prove of little use in cases where the anatomy of the posterior elements is abnormal due to revision fusion after a laminectomy or tumor destruction of posterior elements; however, the technique may prove particularly useful in ankylosing spondylitis where the facet anatomy may be distorted by the disease and fusion, but the anatomy of the posterior elements remains intact.
The authors stress that each individual cervical vertebrae should be assessed pre-operatively to ensure that there is no gross abnormality that may lead to mis-placement of the pedicle screws when using this, or any other technique. It is also imperative that meticulous detail to the point, of screw insertion, caudocranial direction of the screw and adequate C-arm guided radiography are employed.
From these results we conclude that the CT measurements in this radiographic, anatomical study suggest that the optimal screw insertion angle should be 50°in the sagital plane, and that using the contralateral lamina as an intra-operative guide to this angle may be a safe, simple and reliable adjunct when used in combination with radiological screening, of achieving this, reducing further, the variables encountered during this difficult technique. Further experimental, cadaveric studies are required to confirm the clinical reliability of this technique.
